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(54) CONSTANT-CURRENT OUTPUTTING CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a constant- 
current outputting circuit to maintain a fixed current drive 
ability, regardless of fluctuations in the bias voltage of a 
cable. 

SOLUTION: A river 1 0 constituted in a CMOS is 
connected to a twisted pair cable 20, having two signal 
lines respectively coupled with a bias voltage Vm via 
terminating resistance, Rt, so that the driver 10 make 
data transmission, when the direction of a constant 
current made to flow to the cable 20 is changed. A gate 
voltage control circuit 30 fixes drain currents Idp and Idn 
of a PMOS driving transistor 1 1 and an NMOS driving 
transistor 14 in the driver 10 by controlling the gate 
voltages Vgp and Vgn of the transistors 1 1 and 14, by 

utilizing a detected bias voltage Vm and voltage drops at replica resistors 33 and 38 
constituting the replicas of the terminators Rt. 
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1 6£tf-LT 7--77U2 O^S52^g*l8fc-f<l 
fftttecMmi*. UA { oT, ^il^4fflc7)NMO 
SB»h5>'^^14.. 14a, 14b, 14c(4. 
^-7*^2 0*»^>^SE I dn£®^&tffcft£)NMO S H 
7>fA*18*»|jttTV^. iSttflJtfUI^Nap, Nb 
P, Ncp, Nan, Nbn&tfNcniiSttfth^y^^R 
fflftlllft 2 5 . y- h«EVgpS.^'Vgn(i^- M; 

.fflB«E»3'0b*»4,**i«L4-ife*li fc 4 
ffl^PMOSfggjh^y^'X^l 1, lla, lib, 

1 1 cvimcoFU'iyWMbgMcov-xW&knffl 

tfflSEfcVdspkU 4fi^NM0S|gl)h7y> ;: ^^ 
14, 14 a, 14 b, 14c<7)im<7)Y\/4ymkt 

#Mff) v -xmm t oho^es- vdsn k 1 *> . 

[00.23] 121 Ui,-a9 4»^y-h«BW»lll»3 
Ob^rtatdjS^LT^i. Hi 1 £>y- FCEMffll 
0S&3Ob(4. 05<oy-b*EEIW»®K3Oa<O«|jac. 

3 5 . 4 0k. *m€EftJffl»8 0 k 
fc(ft*t"C*illl*T*4. PMOSl^TU^h^y^ 

k*#u ztLbntt0yw£vgpffimi0)PMos& 

W)hyy : JX?l 10>y-hW&^MbZtli. NMO 
S 1^7° Ofih yyisXjr 3 6 lisv * fcffit&Sfufc H M 

y€gk>-'-F«ffik£^rU £*i&tf>«*tf>«EV8i 
1 ONM O %mi Y y y isX? 1 4 toy- h«®^\ 

[00 24] HI 2(4. H9^v£ttfth7y^'7,^ic 
F5y^X*RM1il3K2 5(4, tr-ffWVW 7XM 

R80 (H5~H8#K) k. SH~^6<^)3yAV- 
?1 1 1-1 1 6b£ffilX^h. 
[00 2 5] ni—m3C03yrtU-f 1 1 1~ 

1 1 30DJifc6&*tt B JW-4. nwayw-?l 1 
1(4. »l<0*rX*EVj#^Vj>Vdd-7ap£»fc 

-r k § ic(4 l u^ovSis-fbf&gifi-^Nap^ . -e ? x-% 

\^b% CttH U'WOft^Napfc JB 2OPM0 S|gi) h 
§S2<7):J yAV-^1 1 2(4. Vj#%fe#Vj>Vdd-r 



bp£jftfc-f k & fc(4 L U^l^5?SttftitfHi-^Nbp$- . 
* O b S fctt H IsKlMnm^ N bp£3S 3 CO P M O 

sigKjh^y^^i ib^>y-h«ffi^«i^r*to 

X%&. m3CDayj*]/-?l 1 3(4. Vj#£frVj> 
Vdd- rcp£ffitztt%lZliL\sK)Ucr)'&m\jmmm*T 
Nc P £ . -5- o T&^k * (1(4 H K/KOff-t Nc P £gl4 

oPMosKWh^y^^i i c^>y-h«tt^.tt*ft 

•f4t<0T*&. ZZiZ.fflfcRl, R2, R3(C^««fi 
2rgiE1-^<!:(;J;94t-l>«Eh'n-y7 i $rrap, rb P , r 
cp>-T4k#. Cii^W«EHo.y7°S:f!lfflUT«EV 

dd-rap, Vdd-rbp, Vdd- rcp££|£-t S<I k#T 
#4. SflXtff52tf>PMOS;*>f 'yfy/b^y^ 

? l 2 , l 3^y«E^Vswpt t. fc$K£SE* 

Vap, Vbp, Vcp (Wi.tfVap=0. 8V. Vbp=0. 
4V, Vcp=0. 2V) btlbZ* rap=Vswp+Va 
P. rbp=Vswp+Vbp. rcp=Vswp+ VcptfWifz §ix 

44:otC. JfitSRl, R2, R3<^*<0tt#Sje$*l 
4. 01 0+i7)l:EVdsp(4Vdd-Vswp-Vj^LV> 
Vdsp^Vap^^(4^2-^4^PMOS|Eilh 
5yy'X^lla, lib, 1 1 c(7)^ftli>tf*y 

U VbpSVdsp<Vap^t'tfS2WPMOS|fflfth5 
y^'7.^1 la^yU VcpgVdsp<Vbp^^(4H 
2Rl/m3CDPMOSmg}hyyi;x?l 1 a, lib 
#*yU Vdsp<Vcp^r^(4®2. ^3&t/^4^P 
MOSfgijh^y^'X^ 1 1 a, lib, llc^y 
^--Si^C yy4*l0a.<7)*<r>femtVyy : JX9 

[0026] mz, &4-~m6<7)?yn\s-9 1 1 4- 

1 1 eMtizbttWftth. mmnynv-jx 1 

4 (4, SI2 cD^«EVw*^ffVw<Vss+ raniffifc 
tb # (C« H I/<;I^ttttll3fl-tNan£ . * d T*^T 
^b *fc(4LP</K0«-f NanSJB2ONM0 SigMb 
7^^^ 1 4 a«y-Vt|\ftBtSi«t*4. 
^5c03yv^P— ^1 1 5(4. Vw*^frVw<Vss+r 

f'Dt^Vii^ (1(4 L l^;K7)fi^§-Nbn£3S 3 WNMO 
SSN h 5 yy'x^ 1 4 btf)*-*- hW^ftlM-* i><0 
X'$>&. W.b^ayj^—9 1 1 6(4. Vw*^frVw< 
Vss+ rcntmtl? b & £(4H U^KOfiStt-fiaWHi-f- 
NcnS: % -5-5 T'^rV » k # C(4 L K;^ff# Ncn$r^4 
CON M O S S® h y y i/X 9 1 4 c (7)^- Mffi^.^ 
•f4t)<0T*4. S6iR4, R5, R6fcS«S 

kfc:J:9&tS«ffFny7 , £ ran, rbn, r 
cnk"f4k#. ^ii4>co«EHn-y7°JfiJfflLT«EV 
ss+ran, Vss+rbn, Vss+ rcnS:4^;^"|)Cl k^T" 

#l>o ^ist/H2c7)NMOS7.^ yy-yyvyy'Jx 

?15, 1 6^)*y«E&VsimkLv *4aSS£ES- 
Van, Vbn, Vcn ( Van>Vbn> Vcn) kfl>kl'. r 
an=Vswn+Van. rbn= Vswn+ Vbn. rcn= Vswn+ 
VcntfffiteZtLimz^ gKR4, R5, R6c0#^O 
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ftWRjeSft*. 01 O+OmEVdsntiVw-Vswn- 
Vssfc*tV^fe. Vdsn2Vanfc6tf*2~*4tf)N 
MOSK»b5y^^l4a, 14b, 14cWf 
*U>#*7U VtaSVdm<Vanfc£tfS2tf>NMO 
Sig»h5y^'X^14a*^yL. Vcn£Vdsn<Vb 
n& fcttSS 2 at^*3 «NMO SRft b 7 > 1 4 
a, 14b#:*yU Vdsn<Vcn&£>(4^2. SS3& 
tfifS4<iONMOSB«b5'>'^^14a, 14 b, 1 
4c#*y*6J:3fc. l«7MA*10a<0+*>iSttfcb 

[0027] 01 3(4. 01 0*<9PMOSK7Ma*1 
7«*£EtSHMfc**lW*' i«0«Ci*ltf, Vds 
pSVap&t>(f. «*i:H»c*l*>PMOSBllh9 

1#PMOSK7Ma'1 7*>atfj«ati**> 

^•CSrtfi-fS. fcfc'U Vds P <Vap&£>(4\ Vdsptf 
/h§ < 4 1, fcofiT P MO S K 7-4 a' 1 7 tf>4» OiSttfti 

[0028] 014(4. 01 0«f«NMOSV'^A'l 
8W«E«Httt**t-Cl.^. i^tflfciWf, Vds 
nSVatffir£»tf* ft*fcFWfc*l*>NMOSWh5 
y ^'7. ? 1 4 #N M O S F 7 4 ^ 1 8£>ai:Jj1ta I 
^-C&ftffl-fS. fc£U Vdsn<Van&<i>(4\ Vdsn# 
*S<$r4fc-3*lTNMOSl*?>f<l 

tM A l 8<Dit57J€flfi I dntt»SHMea*IHW"* £ fc 

[0029] PMOS h'7MA*l 7ayNMOS 
K^Al8^&*£1f]£1~&§^7y^77<7)iM4 

Tt4v\ 

[ 0 0 3 0 ] 0 1 5(4, sWfcWKff 
MCflW3**«*5U/tV*4. 01 5*<0 W<1 0 
a 4: , jSttffcb 7 y VxtW&MMXk* 5 a k „ ?-h 
fcBHfligil 3 0 c k . 7T-t-7v-y2 6k£\ 7^ 
7>2 OfcfilSfcHtfrt" 4«W>€*8Bfi*HR** 

6(4, y«>f TX^ffiVB^afcWItK^"^^** 

^vSMh v y'y^mmmm 5 a&#y- f€E 

aimftSfifc 0 . hh 1^(4 aM T295£VtfMttfc 



tlEtfcJSttflatfUl^Nap, Nb P , Ncp, Nan, Nbn 
&t/Ncn£ b'7>f A*l 0 a^flBM-ifcA^EWC* 

i . y- h«BW«iiaH 3 0 c (4, #Rt40 1 
fiij£««3 o^05t*t^y-b€ff^ia^ 

3 0aHgt8tf3SU^^t'&-?T. b'^AlOatf) 

[003 1 ] 01 6(4. 01 5*>jetseisaEW**wi 

ct)^tA-C(4. m**»2 0 0OF9>(^Dl*>& 

H2<ofll35 2 0 1 cov y-AR^ffi 1 <wr x f^77 

-7-/1,2 0 3 stfrt'rr-^es^s^ *iw«ys 

2 0 0aF7MA*D2*»&SS3*)W82 O20)Vi/-* 

R*4R2*>y4 7 hirr-fM 0 4 ltt-7 

Gattf&Sftfli.. Witf a'D 1*\ 01 5«« 
U*«*."0*. #^77^(4, 7j7>aM7** 

m±il : sXTl±m (01 5) (4, ^e-F->^t'J 

MT^^EVicoWaHcit*^^^" 7 (tim) , m 

ssBsaii (vdd) . ?a^M (t> 

[0 0 32] 01 7(4, 01 ^l/^Uzmh'T- 

jt. 017(4. iM->7rA^3o?)*-K£*LT^ 
s o r t _ h 1 j (4 . ?-7°)W%mMF}\ § ^ t^. 

r A(4 , y A X h ^7 7— fiWfi&tilt ^ t 
r^_b'2j (4, AM rx€EVm^^fi)* 5 4 
t4^-KT*4. «itf. ^-Fl(cfc(tl»A^^ 
CiBHtT am T^«EVkW** <^!rt&- 1 *>* 

HESLTaM 77.€JEVB* i ^i!r1"'l' ^k tJ>l>. 
r^_K3j (4, ^^T-^tS^ff^itl)^- Ft 

[0 0 33] 018(4. 01 54>tf>XT-b7S/y2 6 

wuaiwtst'rv^. 7.r-b7yy2 6(4. ±ie 

t-Fi, 2, 3^f^3WW"&* ^r-y^mm 

4. £tf)ISL 7.r-b7i/y2 6(4. aM7X€EVb 

^fwcifu^t't-Hi (mm) »t>* 



♦ 
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-H2 ohbrb) w>w&zmiLX\ zwutz 

m 2 5 a t *r~ h MSSm 08S 3 0 c b V 5 4 ' < 1 

o a0«88m&*7 §:ii&-rs. **fu y-h«Ev 
m±<7)tMzy- hmEMm®ffi3 o c <o»fe* 7 u 

-X$tfT. SSttfth?y^^»3W»lll»2 5a<?)* 
£iW$tfSJ:3£U:iJ:v\ 4fc. ^'-h«ff®Jffli 
0»3Ocfc, ^TAflH8fc:iBtTy-h«EVa>& 
tfVgnfcS&SHtSJSfcLTiJ:^. -£Lt\ aM7 

£*>HL Xx-h^^y2 6i±. *-K2 (.£ 

■ S. *-K3?Ji, rxmEVm(7)SS/J^l:?:ffiffi 
-f S J o ±fc LT y- h SfffiJPEIliS 3 0 c # Y y 
4a'i 0a^«s£ig»lg^^iiB-rS. xf-h^i/y 
2 6 # M vtiHRtefc fc T 7'- h €E$UtJPEI8§ 3 0 c £ 

fffl&n&StZMi* A*>f7Xl6EV«#;fc3<33W- 
S. £*>BL T.x-bV>-y2 6ti. >U T^UEVm 
^2©S»88a»S*fc:*-?v vc H 3 ( fciMftSi ) 

<oieai«Battft ">"c -t— h 3 ( &&kjb ) #> <b 

H 2 ( X 'J -7ti ) ^*«H*£f*fcI LT , AM 7 
XHEVn^^-f'SI^^'f^XTAIffgSr^rS. 
5g(c. K 3 CfcV^lIira^ffll^l^^o 
*T-hV^y2 6ttA'>f 7*1KEV»tf> 

suhp sisr^-r ^xxAttfgsr^-rs . jgttfi: h y y 

: JX 9 W\W®$k 2 5 at 7- bW±MMm 3 0 c t 
12. Ztl^nisXT&ffltoZtfmLX Yy-i A'l 0 acT) 

*TAffif8£Jfc¥LT A* 10 a«)«aSHBffi*<0 
P§#&$ftS. 

[ 0 0 3 4 ] Srfe, ;iii-CH»T-^SSWfc»^J6 
ITC* s . 

[0035] 

h yy : Jx?£W.tf. 7--7WM 7 7M&oygM\Z 

tgmLxwmYyyi/x?<r>Y\/4 y • v-*bi*je# 



^i^-rs i S^«flEffi^[HSSS:il«-tS i b 

tfX'Z s . 

d-y^HT$)S. 

[H2 ] 0 1 *^««^S^JS-*-t7*P -y 
S>S o 

[03] Hl(fcOPMOSIBI!jh5y^7.^c7)i)^c7) 

m>v>m=F : k*i-mx'h&. 

[H4] Hl^NMOSfBSlb^y^X^Oil^^ 

mwm? £*-tmxh& . 

' [05 ] 01 4>^y- h*EM«m«koSSBW£5it*-0 
SI0T'i5S. 

[06] 0 5 *<D^nE^®m<7)ftffl8tfL*7*'t® 

SS0T^>S. 

[ 0 7 ] 0 6 <?«8B0! Sr*-rHIS&0t'J) S . 
[08] HecOflH^^JSr^H^T'^S., 

[09] *mizm%WLfti)m<mconfmi:* 

1 0 1 o ] 0 9 4*9 h y a > ^nw&ti&^tmmx 
$>s. 

[0ii] m9*<r>?-y%EMWWk<r>nwm$:w. 
twmxhh. 

[ 0 i 2 ] 0 9 ^amfesxc hyy'Jx fimmmwt 

[013] 01O+<APMOSK54A?)$E1gSaftt 
€:^-r0T'J>S„ 

[014] 01 04>«>NMOSH7'f^V>?BE«Sia*tt 

[015] *J^tc(*SJg«ailJ*llI»0!lfc:ft^«Jjt 
PO^^-f7'n.y^0T'J)S. 

[0163 01 5<nMn%&ibj]®mi:mmLt:T-?m 

[017] 01 6c7)y^r^^fcttS^-7'/UAMT7 l 

[018] 01 54>^7.r-hVi/y<7)^^0TJ> 
S. 

•[flF#<Di&BJl] 

10, 10a K7-f a' 

11, 11a, lib, 11c PMOSigijh^yy' 

12, 13 PMOS^ >vj-y/hyy ; JX7 
14, 14a, 14b, 14c NMOSfBSlh^yy' 

15,16 NMOS^^f vi-yfhyyi'Xf 
17 PMOSH^^f^^ 
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18 NMOSb'7-^A' 
2 0 7^X^7^-771- 

25, 25a ftmcvyvv^mmim 



x-f— h~?z/y 

3 0 a, 30b, 30c y-hV. 

3 6 iEftjh^y^'x^ur'j^ 

37 X4 "j^vfYvvVxtovrvti 

3 8 RJKBSt^ur'J* 
3 9 



26 
30 
3 1 
32 
33 
34 

3 5, 4 0 iw<i 

5 0 £UEE£j£mft 

6 0 5g€Si£j£[IlS& 
70 
80 
93 
94 



8 0a, 8 0b "EWEE&ftEIK 

9 7 mpm 

95, 98, 103, 1 04 »SB£fii#>l'7 , l> 



111-116 aynv-^ 



200, 2 0 1, 20 2 

203, 204 *ja xh^ry—yjv 

id P PM0Sfgijh5yv 5 x*<7)KW y«ss 



Idn NM0S®tth5V^X*tf>Kl'"f>'B 
Ik ^IggS 
Np, Nn 
Rt limia 
Vdd, Vss MM 

Vdsp PMOSg0&h9>'v : X:??)KW V ■ V 



-X 



Vdsn NMOS 

i*tr 



YJVl/WOYVAV • y-x 



vgp PMosiEiih^y^'x^^ir-MiE 

Vgn NMOSlBilh^yvX^COy-MlE 
Vj, Vw TtfSCEE 

Vol, Vo2 b*5-f^{ti*y-H<0«E 



11] 



12] 




iHtt 




[HI 8] 



~\ / \ r 





<«**HB> 



Vdd 



^Vdd 



34 



73 



Ik 



TZ^Vss 7Z7"Vss 



■i 



76 




Vss 



39 

i 

Vdd 

79 




77 



Vss 



7* 
Ik 



i 





- 60 &m&amj6 
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23] 



[04] 



Vgp=-2. 4V 



Vgp=-2. IV 



-Vgp=-1. 8V 



VH>=L 5V 




VdspCV) 




VdsnCV) 



[05] 



[08] 




25 



80b 




39] 



IN 



1 



XIN 



1 



Vgp 




Vol 



Rt 



Vo2 



Vm 



20 



Zo 



Rt 



Vgn 



30b 
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11 0] 



12] 



Ncp 



Nbp 



Nap 



Vdd 



Vgp 



Vdd <Vdd 



11 



lla 



Vdd 



10a 



lib 



12 



IN 
_Z_ 



XIN 





V-Vdsp 
1/ 



13 

r^d 



15 



Vol 



Vo2 



14 



Vgn 



Nan 



Nbn 



Ncn 



14a 

Aid 



^Idri 



14b 



rlL 



r v-vds» 



14c 



777 Vss 777 Vss 777 Vss 777 Vss 




Vss+y cn 



1 5] 



26 



..... 











25a 




20 



Zo 



* 
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11 6] 



777 




[017] 



Vm 




